Introduction {#sec1}
============

Respiratory distress syndrome (RDS) is a major cause of morbidity and mortality in preterm infants \[[@cit0001]\]. Studies using nasal ventilation as the first step, prior to surfactant administration, have been published \[[@cit0002]\]. Synchronized nasal intermittent positive pressure ventilation (SNIPPV) is a form of noninvasive ventilation during which patients are exposed intermittently to higher levels of airway pressure, along with nasal continuous positive airway pressure (NCPAP) through the same nasal device \[[@cit0003]\].

Non-invasive ventilation (NIV) is used in preterm infants with RDS soon after birth to reduce ventilator lung injury and bronchopulmonary dysplasia (BPD) \[[@cit0004]\]. Moretti *et al.* \[[@cit0005]\] reported an association between application of SNIPPV and increased tidal and minute volumes when compared to NCPAP in the same infant. It has also been demonstrated that SNIPPV recruits collapsed alveoli, thereby increasing functional residual capacity and decreasing the need for mechanical ventilation (MV) \[[@cit0006]\].

Several explanations may account for the effectiveness of SNIPPV. One explanation by Kiciman *et al.* \[[@cit0007]\] is that thoracoabdominal motion asynchrony and flow resistance through the nasal prongs are decreased on SNIPPV, with improved stability of the chest wall and pulmonary mechanics. Addition of a peak inspiratory pressure (PIP) above positive end expiratory pressure (PEEP) by using SNIPPV could also increase flow delivery in the upper airway \[[@cit0008]\]. SNIPPV is postulated to increase the beneficial effects of NCPAP \[[@cit0009]\]. Aghai *et al.* \[[@cit0010]\] reported that infants receiving SNIPPV have decreased work of breathing, again emphasizing that thoracoabdominal synchronization with SNIPPV may account, in part, for its efficacy.

Non-invasive ventilation support has significantly changed RDS management in preterm infants. Further perspectives for neonatologists involve the assessment of failure in NIV. We designed this study to identify the predictors of non-invasive ventilation failure in preterm infants (GA *\<* 32 weeks) with RDS treated with SNIPPV as primary respiratory support.

Material and methods {#sec2}
====================

A follow-up study was carried out in the neonatal intensive care unit (NICU) of El-Nasr Hospital, Port-Said, Egypt during the period from March 2015 to January 2017. It was approved by the Institutional Ethics Committee and informed consent was obtained from the parents of the participants. Brief counseling regarding early NIV for treatment of RDS, together with clarification of the aim and methodology, and the outcomes were included in the informed consent process.

A total of 160 neonates were assessed for eligibility, of which 85 were included and were treated with early SNIPPV ([Figure 1](#f0001){ref-type="fig"}).

![Flowchart of patient assessment for eligibility, exclusion and follow-up](AMS-15-35872-g001){#f0001}

Inclusion criteria: Preterm newborns with gestational age (GA) less than 32 weeks, and birth weight less than 1500 g suffering from RDS.

Exclusion criteria: Preterm newborns with hypoxic ischemic encephalopathy, nasopharyngeal pathology, or presence of cardiovascular instability. Apneic or severely depressed newborns requiring intubation after birth were excluded from the study and started on MV.

For all participants, a perinatal history was documented including antenatal steroid treatment, mode of delivery, gender, birth weight, and surfactant replacement. Assessment of gestational age was performed using the Ballard score and Apgar scores at 1 and 5 min were recorded. We used the Downes score for assessment of severity of respiratory distress \[[@cit0011]\] and grading of RDS was performed according to the X-ray findings \[[@cit0012]\].

Indications for SNIPPV were documented including blood gas analysis at time of initiation of SNIPPV. The criteria for initiation included pH ≤ 7.20, PaCO~2~ ≥ 65 mm Hg, FiO~2~ ≥ 0.4 to maintain arterial oxygen saturation (SaO~2~) of 89% to 93%. SNIPPV support was applied using the CONVIDIEN Ventilator System for Adults, Pediatrics and Neonates Model Puritan Bennett 840, and was provided by a nasal interface, with short nasal prongs. Synchronization was obtained by means of an inspiratory flow sensor. The initial respiratory parameters were PEEP 6 to 8 cm H~2~O; PIP 15--25 cm H~2~O; inspiratory time 0.3 to 0.4 s; flow rate 6 to 10 l/min; and respiratory rate (RR) 30--40 breaths per minute and fraction of inspired oxygen (FiO~2~) 21% to 60% adjusted to keep saturations at 89% to 93%. The settings could be increased or decreased if needed to maintain the target blood gases.

Ventilatory settings were recorded and the mean settings over the first 24 h of ventilation required to normalize blood gas and maintain an acceptable O~2~ saturation by pulse oximetry were calculated. Duration of SNIPPV, duration of oxygenation, and length of hospital stay were recorded for each participant.

Weaning from SNIPPV was performed with a reduction of RR to 15 breaths per minute with a PIP of 10 to 15 cm H~2~O and a PEEP of 4 cm H~2~O and was stopped when infants showed no signs of respiratory distress with FiO~2~ ≤ 0.30.

Patients were monitored, and if they met criteria of SNIPPV failure support or if clinical deterioration occurred, MV was initiated. NIV failure was defined by the presence of the following (1) hypoxia (FiO~2~ requirement ≥ 0.40), (2) acidosis (pH ≤ 7.20) and hypercarbia (PCO~2~ ≥ 65 mm Hg), and (3) apnea of 4 episodes/h or the need for bag-mask ventilation, 2 times/h. We also considered necrotizing enterocolitis, bowel perforation, and hemodynamic instability as indications of NIV failure \[[@cit0013]\].

Statistical analysis {#sec2.1}
--------------------

The Statistical Package for Social Sciences 21 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Data were expressed as means ± SD and percentage. Continuous data were analyzed by the Student *t*-test and Mann-Whitney test while categorical data were analyzed using the χ^2^ test and Fisher's exact test. Multivariate logistic regression was performed to assess predictors of NIV failure by calculating odds ratios (OR) and corresponding 95% confidence intervals (95% CI). A *p* \< 0.05 was considered statistically significant.

Results {#sec3}
=======

A total of 85 preterm neonates of less than 32 weeks' gestation received SNIPPV as primary respiratory support in our study, of which 12/85 patients (14.1%) had SNIPPV failure, and 73/85 patients (85.9%) were successfully ventilated non-invasively. Causes of failure included respiratory failure on SNIPPV in 9 patients, hemodynamic instability in 2 patients and necrotizing enterocolitis in 1 patient ([Figure 1](#f0001){ref-type="fig"}).

Comparison of characteristics between the SNIPPV with successful weaning versus the SNIPPV failure group demonstrated that the latter had a significantly lower gestational age and birth weight than the successful group. Maternal history of antenatal corticosteroids use, and Apgar scores at 5 min were also significantly associated with failure of SNIPPV.

Preterm infants with SNIPPV failure had more severe respiratory distress according to Downes' criteria than the successful group, and also had higher grades of RDS with a statistically significant difference.

In addition, there were significant associations between longer duration of ventilation, duration of oxygenation requirement and hospital stay and SNIPPV failure. However, gender, mode of delivery, surfactant use, and Apgar score at 1 min were not significantly different between the successful SNIPPV group and the SNIPPV failure group ([Table I](#t0001){ref-type="table"}).

###### 

Data comparison of the studied groups

  Variables                           Success group (*n* = 73)   Failure group (*n* = 12)   *P*-value
  ----------------------------------- -------------------------- -------------------------- ------------------------------------------
  Gestational age \[weeks\]           31.6 ±0.6                  31.1 ±0.3                  0.001[^a^](#tf1-1){ref-type="table-fn"}
  Birth weight \[g\]                  1306 ±106                  1241 ±29                   0.001[^a^](#tf1-1){ref-type="table-fn"}
  Male/female                         29/44                      8/4                        0.117[^b^](#tf1-2){ref-type="table-fn"}
  CS delivery (%)                     56 (88.9)                  10 (83.3)                  0.63[^c^](#tf1-3){ref-type="table-fn"}
  Antenatal corticosteroids use (%)   55 (75.34)                 2 (16.66)                  0.0001[^c^](#tf1-3){ref-type="table-fn"}
  Surfactant use (%)                  34 (46.6)                  5 (41.7)                   0.501[^c^](#tf1-3){ref-type="table-fn"}
  Apgar at 1 min                      4.4 ±0.6                   4.1 ±0.5                   0.156[^a^](#tf1-1){ref-type="table-fn"}
  Apgar at 5 min                      6.92 ±0.7                  4.42 ±0.7                  0.0001[^a^](#tf1-1){ref-type="table-fn"}
  Severity of RD (%)                  5.9 ±0.6                   6.8 ±0.8                   0.0001[^a^](#tf1-1){ref-type="table-fn"}
  Grades of RDS (%):                                                                        
   II                                 63 (86.3)                  1 (8.3)                    0.0001[^c^](#tf1-3){ref-type="table-fn"}
   III                                10 (13.7)                  7 (58.3)                   
   IV                                 0 (0)                      4 (33.3)                   
  Duration of SNIPPV \[days\]         6.23 ±1.4                  7.17 ±0.6                  0.021[^a^](#tf1-1){ref-type="table-fn"}
  Duration of oxygenation \[days\]    8.4 ±1.5                   10.5 ±1.3                  0.0001[^a^](#tf1-1){ref-type="table-fn"}
  Length of hospital stay \[days\]    20.2 ±5                    32 ±5.4                    0.0001[^a^](#tf1-1){ref-type="table-fn"}

Mann-Whitney test,

χ^2^ test,

Fisher's test.

CS -- cesarean section, RD -- respiratory distress, RDS -- respiratory distress syndrome, SNIPPV -- synchronized nasal intermittent positive pressure ventilation.

As regards ventilatory settings, infants in the failed SNIPPV group had higher pressures (PIP, PEEP, MAP) than infants in the success group. Furthermore, the failed SNIPPV group had a lower arterial PaO~2~, and a higher FiO~2~ compared to the success group ([Table II](#t0002){ref-type="table"}).

###### 

Ventilator and arterial blood gas parameters of studied groups

  Parameter                  Success group (*n* = 73)   Failure group (*n* = 12)   Test value   *P*-value[^a^](#tf2-1){ref-type="table-fn"}
  ------------- ------------ -------------------------- -------------------------- ------------ ---------------------------------------------
  FiO~2~        Mean ± SD    28.7 ±2.3                  44.6 ±0.9                  2701         0.001
  Range         24--35       44--46                                                             
  Median        30           44                                                                 
  PIP           Mean ± SD    15.1 ±1                    17.8 ±1                    2739.5       0.001
  Range         14--19       16--19                                                             
  Median        15           18                                                                 
  PEEP          Mean ± SD    4.9 ±0.7                   6 ±0.7                     2836         0.001
  Range         4--6         5--7                                                               
  Median        5            6                                                                  
  TI            Mean ± SD    0.35 ±0.04                 0.4 ±0.04                  346          0.248
  Range         0.3--0.44    0.32--0.43                                                         
  Median        0.33         0.35                                                               
  RR            Mean ± SD    27.1 ±2.7                  27.3 ±4.8                  380          0.457
  Range         24--32       24--34                                                             
  Median        26           24                                                                 
  MAP           Mean ± SD    6.3 ±0.5                   7.2 ±0.9                   2891         0.001
  Range         5--7         6--8                                                               
  Median        6            7.6                                                                
  Flow          Mean ± SD    6.6 ±0.6                   6.9 ±0.7                   316.5        0.092
  Range         6--8         6--8                                                               
  Median        6            7                                                                  
  PH            Mean ± SD    7.21 ±0.04                 7.2 ±0.02                  298.5        0.073
  Range         7.11--7.31   7.18--7.24                                                         
  Median        7.21         7.19                                                               
  PaCO~2~       Mean ± SD    58.3 ±3                    60.8 ±2                    300          0.076
  Range         50--62       60--65                                                             
  Median        59           60                                                                 
  PaO~2~        Mean ± SD    76.9 ±5.6                  72.1 ±4.5                  267          0.028
  Range         70--86       60--75                                                             
  Median        80           75                                                                 
  StO~2~        Mean ± SD    88.4 ±1.1                  86.8 ±2.4                  288          0.049
  Range         85--94       85--90                                                             
  Median        88           85.5                                                               
  Bicarbonate   Mean ± SD    19.8 ±1                    19 ±1.5                    320          0.115
  Range         17--22       15--21                                                             
  Median        20           19                                                                 

Mann-Whitney test.

FiO~2~ -- fraction of inspired oxygen, PIP -- peak inspiratory pressure, PEEP -- positive end-expiratory pressure, TI -- inspiration time, RR -- respiratory rate, MAP -- mean airway pressure, pH -- potential of hydrogen, PaCO~2~ -- partial pressure of carbon dioxide, PO~2~ -- partial pressure of oxygen, StO~2~ -- oxygen saturation.

Using multivariate logistic regression, we found that antenatal corticosteroid, grade of RDS, and MAP were more valuable for predicting NIV failure ([Table III](#t0003){ref-type="table"}).

###### 

Predictors of non-invasive ventilation failure of studied groups

  Independent variables      OR      95% CI OR   *P*-value[^d^](#tf3-1){ref-type="table-fn"}   
  -------------------------- ------- ----------- --------------------------------------------- ----------
  Gestational age            0.058   0.003       0.074                                         0.067
  Birth weight               0.055   0           0.0001                                        0.141
  Gender                     0.012   0.056       0.128                                         0.081
  Mode of delivery           0.028   0.017       0.081                                         0.199
  Surfactant                 0.056   0.007       0.09                                          0.088
  Antenatal corticosteroid   1.09    1.018       1.122                                         0.01\*
  Apgar at 1 min             0.006   --0.027     0.035                                         0.799
  Apgar at 5 min             0.141   0.027       0.064                                         0.076
  Severity of RD             0.048   --0.057     0.009                                         0.15
  Grade of RDS               4.480   2.196       7.805                                         0.008\*
  Duration of SNIPPV         0.071   0.002       0.046                                         0.069
  FiO~2~                     0.05    0           0.009                                         0.065
  PIP                        0.003   0.02        0.032                                         0.922
  PEEP                       0.071   0.004       0.065                                         0.06
  TI                         0.021   0.006       0.678                                         0.399
  RR                         0.98    0.802       1.198                                         0.847
  MAP                        1.98    0.098       2.736                                         0.0001\*
  Flow                       0.014   0.028       0.102                                         0.061
  PH                         0.041   0.006       0.881                                         0.092
  PaCO~2~                    0.015   0.008       0.024                                         0.544
  PaO~2~                     0.004   0.002       0.004                                         0.87
  StO~2~                     0.038   0.004       0.053                                         0.173
  Bicarbonate                0.053   0.001       0.035                                         0.065

Multivariate logistic regression.

RD -- respiratory distress, RDS -- respiratory distress syndrome, SNIPPV -- synchronized nasal intermittent positive pressure ventilation, FiO~2~ -- fraction of inspired oxygen, PIP -- peak inspiratory pressure, PEEP -- positive end-expiratory pressure, TI -- inspiration time, RR -- respiratory rate, MAP -- mean airway pressure, pH -- potential of hydrogen, PaCO~2~ -- partial pressure of carbon dioxide, pO~2~ -- partial pressure of oxygen, StO~2~ -- oxygen saturation.

Discussion {#sec4}
==========

The aim of the management of RDS is to provide interventions that maximize survival whilst minimizing potential adverse effects, including the risk of BPD. Noninvasive ventilation is increasingly used in preterm infants to reduce complications that occur with invasive ventilation \[[@cit0014]\].

Predictors of noninvasive ventilation failure can play a pivotal role in preventing clinical deterioration. We aimed to determine the predictors of early noninvasive ventilation failure for preterm infants *\<* 32 weeks' gestation with respiratory distress syndrome.

In our study, we found a low incidence of SNIPPV failure (14.1%), comparable to a previous study by Salvo *et al.* \[[@cit0015]\], who reported that the incidence of failure for SNIPPV was 10 of 62 newborns (16%). On the other hand, Kugelman *et al.* \[[@cit0016]\] found that the intubation rate in the SNIPPV group as a mode of primary respiratory support was 25%. This may be related to a lower threshold for intubation. Another factor that may have contributed to lower failure in NIV support in our patients is use of prenatal glucocorticoid prophylaxis (75.34% for successful group), known to be effective for lung immaturity.

The SNIPPV has theoretical benefits through the intermittent increase in pressure enhancing tidal volume (VT), minute ventilation, and MAP, resulting in better alveolar recruitment and gas exchange \[[@cit0017]\]. The SNIPPV improves ventilation by increasing VT \[[@cit0018]\], decreasing respiratory effort and improving oxygen saturation \[[@cit0019]\]. These mechanisms of action probably account for the higher success of the early SNIPPV strategy observed in our study. Comparison of the two groups found multiple significantly different characteristics. However, these can only be called associations and are not independent predictors.

Both gestational age and birth weight demonstrated a statistically significant difference between the two groups, which is an expected finding and may be related to a more severe presentation of RDS. However, neither of these proved to be independent predictors with multivariate logistic regression. Similarly, Nesbitt *et al.* \[[@cit0020]\], who investigated potential predictors for a successful trial of NIV following unplanned extubation, demonstrated that there was no significant predictive value of gestational age or birth weight. The fact that there were no significant differences for gender is consistent with previous findings \[[@cit0021]\].

Antenatal administration of corticosteroid therapy has been recommended in pregnancies with threatened preterm labor before 34 weeks' gestation where active care of the newborn is anticipated \[[@cit0018], [@cit0022]\]. Initial results showed a statistically significant difference with an increased rate of antenatal steroid use in the group with successful SNIPPV; this was presumed to be an association through amelioration of the course of RDS. However, multivariate logistic regression has demonstrated that antenatal steroid use in our patients was an independent predictor of success of SNIPPV.

The 5-minute Apgar score, and even more importantly, a change in the score between 1 min and 5 min, is a useful index of the neonate's response to resuscitative efforts \[[@cit0023]\]. In our series Apgar scores at 5 min were significantly lower in the failed SNIPPV group than the successful one. Chambliss *et al.* \[[@cit0024]\] reported a higher risk of development of RDS in newborns with a 5-minute Apgar score of 7. They concluded that the 5-minute score with the need for ongoing resuscitation may be a marker of lung immaturity or lung disease in that group of patients. Alternatively, the higher rate of SNIPPV failure in these patients can also be attributed to birth hypoxia leading to decreased central respiratory drive and therefore failed weaning \[[@cit0025]\].

In the present study we found that preterm infants belonging to the SNIPPV failure group had more severe RD than the successful group, and also had more severe grades of RDS with statistically significant differences. We used the Downes score for assessment of RD, and our findings are in agreement with Rusmawati *et al.* \[[@cit0026]\], who concluded that the Downes score can be used as a clinical diagnostic means for assessing hypoxemia in neonates with RD with 88% sensitivity (95% CI: 79--99), and 81% specificity (95% CI: 70--91). Despite the fact that both were significant associations, only grade of RDS proved to be a significant independent predictor according to the multivariate analysis. A logical explanation could be that the grade of RDS is the determinant of the degree of RD, rendering the latter a dependent variable whilst the former is independent. Nicolini *et al*. \[[@cit0027]\] demonstrated similar findings in adults with community acquired pneumonia where the severity of lung involvement via X-ray findings was a significant predictor factor for NIV failure.

Our results show significantly shorter duration of oxygenation and hospital stay in the successful non-invasive group compared to neonates in the other one. Once again, this is an association in that NIV as a primary intervention in preterm neonates with RDS has been shown to be associated with reduction of length of hospital stay and decreased need of endotracheal tube ventilation \[[@cit0015]\].

It has also been demonstrated in our study the failed SNIPPV group had a significantly lower arterial PaO~2~ and SpO~2~ compared to the success group. Previous studies have suggested that hyperoxia, defined as a pO~2~ \> 80 mm Hg, causes oxidative stress, inflammation and bronchopulmonary dysplasia in premature infants due to the deficiency of the antioxidative system \[[@cit0028]\], and thus accounts for the association of hyperoxia with NIV failure. This was not the case here, and these findings do not have a cause-effect relationship since they may be the result of a more severe illness and multivariate analysis did not identify them as predictors. This also applies to the fact that neonates failing SNIPPV had a longer duration of ventilation support, possibly related to cumulative increased oxygen therapy, bouts of hypoxia or increased oxygen requirements due to more severe respiratory failure associated with an inability to protect the airway.

Our shorter duration of SNIPPV in successfully weaned neonates is promising. SNIPPV used as primary respiratory support in the treatment of RDS of very low birth weight infants has been demonstrated in various other studies to also be feasible and effective, with a brief duration requirement of respiratory support, with a median duration for SNIPPV of 89 h \[[@cit0015]\]. Similarly, Ramanathan *et al.* \[[@cit0029]\] reported significantly shorter duration of ventilation in the SNIPPV group.

A possible explanation was provided by Laughon *et al.* \[[@cit0030]\], who reported that 44% of 1340 infants had persistent oxygen requirements that averaged between 40% and 50% for the first 2 weeks of life, and 67% of this population developed BPD. By contrast, of the 19% of infants who had minimal oxygen needs for 2 weeks, only 17% developed BPD. This can be explained by the fact that during SNIPPV, the hypopharyngeal concentration of oxygen is lower due to mixing with room air during spontaneous breathing, which may also indirectly decrease the exposure to high oxygen concentration. A significant reduction in BPD has been reported when early SNIPPV is used for management of RDS \[[@cit0008]\]. Bhandari *et al.* \[[@cit0031]\] reported that use of SNIPPV was associated with decreased BPD, death, and neurodevelopmental impairment compared with infants managed on NCPAP.

Although various ventilatory settings were found to be significantly different between the successful and failed SNIPPV groups, the only factor that was found to be a statistically significant predictor was mean airway pressure (MAP). Muñoz-Bonet *et al.* \[[@cit0032]\] also reported similar results; they found that MAP and FiO~2~ could predict failure of NIV when values exceeded \> 11.5 and 0.6, respectively.

Although we have three statistically significant predictors by multivariate logistic regression, the predictor with the largest OR is grade of RDS, followed by MAP and antenatal steroid use having the smallest effect with an OR of 1.09. A study in older children with respiratory failure also identified two comparable criteria as predictors for NIV success: MAP change and baseline degree of illness \[[@cit0033]\]. A possible limitation of our study is that the failure group was small, with only 12 patients, and therefore did not allow for extraction of other potential predictors.

Other predictive factors that have been reported in the literature for pediatric NIV but were not included in this study are a higher PaO~2~/FiO~2~ before NIV \[[@cit0033]\], hemodynamic response to NIV for success and a higher PaCO~2~ for failure \[[@cit0034]\], low pH immediately after initiation of NIV as a predictor of failure \[[@cit0035]\], respiratory rate prior to NIV (James *et al*.) and the number of failing organs \[[@cit0036]\].

In conclusion, although we found multiple associations with failure of SNIPPV, the predictors were grade of RDS, MAP and antenatal steroid use. Predictors of noninvasive ventilation failure might be used to guide decisions regarding intubation.
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